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Initiation Science & Engineering at Los Alamos: 
Past, Present & Future Endeavors 

Nate Sanchez, PhD 

Stockpile Modernization Division 

Detonator Technology Group, Q-6 

Los Alamos National Laboratory 
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Overview 
Manhattan Project (Past) 

Present 

MaRIE (Future) 
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Why work at Los Alamos? 
 
¥! LANL has always been at the forefront of the 

NationÕs most technological challenges. 
¥! Our work is multidisciplinary in nature so large 

collaborations with experts from all disciplines 
allow you tackle complex problems. 

¥! LANL maintains cutting edge diagnostics, 
equipment and facilities.  

¥! You can change careers by changing the 
parking lot you park in. Ex. of my career 
history: 

¥! Sub-Atomic Physics group 
¥! Materials Science & Engineering division 
¥! Shock & Detonation Physics group 
¥! Detonator Technology group 

¥! Competitive salaries & benefits    
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Why I enjoy the Detonation 
Science & Technology group  

! ! The ability to work on real world challenges that require 
extensive engineering and science in order to solve.  

! ! The length and time scales of our problems push 
convention initiation science capabilities. 1D & 2D are 
often invalid in the regimes we operate in. 

! ! Design, simulation, manufacturing & testing done within 
one site.  

! ! We are well funded so less proposal writing!!!  
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Code name: Manhattan Project 
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Necessity was the Mother of Invention 
! ! 1875: low-voltage electric blasting cap 

Ð! Generally used to initiate a primary explosive (less safe) which then initiates a 
secondary explosive (more safe)  

Ð! Low voltage 

¥! Many generally available sources make it is easy to use 

¥! Initiation through hot-wire process takes milliseconds to achieve 
Ð! Simultaneous initiation of multiple detonators was not critical to applications 
Ð! Widely used by mining industry and military by start of World War II 

! ! 1945: high-voltage exploding bridgewire detonator (EBW) 
Ð! Direct initiation of secondary explosive (more safe) 
Ð! High voltage 

¥! Unique firing systems were required making it difficult to use (more safe) 

¥! Initiation through exploding bridgewire process was much faster  
Ð! Simultaneous initiation of multiple detonators was essential for successful implosion 

assembly of plutonium critical mass 
Ð! Invented at Los Alamos during the Manhattan Project by end of World War II 
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Intentional initiation  to  achieve  
spherical  implosion  
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1945: Electric Bridgewire  Detonators to 
Implode a Sphere 
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Trinity Device  

Slide 9 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

The First Weaponized  EBW Detonator, 
Type 1773 
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Nagasaki 
Aug 9, 1945 

The 
ÒHandlebarÓ 
Detonator 
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Our understanding of Initiator-HE interactions is crucial for 
understanding critical performance parameters in order to develop a 
predictive capability 

! ! A long-standing question in detonator science Ð What are the 
initiation mechanisms for Explosive Bridge Wire (EBW) and 
slapper detonators? Is it a compaction-to-detonation process or 
thermal initiation at the wire? Are slappers truly shock initiated? 

! ! Current detonator modeling capabilities capture performance 
characteristics, but lack details of initiation mechanics 

! ! Understanding the initiation mechanisms are important for 
assessing aging margins and developing new/improved designs 
(LEPs, safety, performance) 

! ! Our approach Ð Utilize current & future synchrotron sources to 
better understand the coupling of electrical energy to the high 
explosives 

!"#$!%&
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Simulations of EBW detonator performance Ð JWL programmed burn hemisphere 

Typical Bridge Geometry 

 N. Sanchez, C. Johnson,  B. Jensen, K. Ramos, M. Martinez, A. Iverson, S. Clarke et al.  

Typical Bridge Wire 
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Initiators (into Air) 
5 ns exposures, 20 ns inter-framing 

Detonator (into PMMA) 
5 ns exposures, 70 ns inter-framing 

HE-train (into PMMA) 
5 ns exposures, 190 ns inter-framing 

2.0 mm diameter XTX-8004 
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IR Camera Monitor 

60mm NIKON 
Micro-Nikkor 
Macro lens 

105mm NIKON 
Micro-Nikkor 
Macro lens 

500mm NIKON 
Nikkor telephoto 
lens 

Initiator 

Y X 

Z 

SIMD16 

SWIFT 

to PDV system 

SI-LUX640  
Light Guide 

 Band-pass Filter 
640 +/- 10 nm 
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PDV 
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Detonation Wave Breakout Curvature 
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Detonation Velocity 
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A mobile 12.6 mm Launcher System has been developed for use at 
APS  IMPULSE  = IMP act system for ULtrafast  Synchrotron 
Experiments  

" ! Standard wrap-around breech design with a 12.6 mm 
diameter projectile (50 caliber) with velocities up to 1 
km/s 

" ! Complete engineering analysis performed by R. 
Valdiviez (LANL) on the launcher (breech/barrel), target 
chamber, and support structure 

" ! Side ports on the target chamber allow the x-rays to 
enter/exit. Target chamber qualified for up to 750 mg HE 

" ! System can rotate to accommodate various experimental 
configurations and mobile to allow easy insertion in/out 
of the beam 

" ! System remotely operated from outside the hutch and 
mobile 

Gun located at 
Sector 32 

Photo of the Advanced Photon Source (Argonne, IL) 
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Phase Contrast Images of Polymer Foam 

Z = 50 mm Z = 400 mm Z = 800 mm 

! ! Propagation based PCI is a phase diffraction 
effect 

! ! Sensitive to differences in refractive index 
proportional to density 

! ! Requires spatially coherent beam 
! ! Enhanced contrast brings out features such as 

edges/voids 

! ! Resolution vs. contrast trade-off 

X-ray phase contrast imaging 

A.J. Iverson, C.A. Carlson, B.J. Jensen, et al, SCCM (2013)   

Fuel Injector Flow 

Radiography PCI 

Y. Wang, X. Liu, et al.  Nature Physics Vol. 4, p. 305 (2008) 
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Experimental Configuration (Phase Contrast Imaging) 

Experiment Configuration for Phase Contrast Imaging (PCI) 

" ! Beam operated in standard mode with one 80-ps pulse every 153 ns 

" ! Slow shutter synchronized with the projectile launch Ð opened for 60 ms 

" ! PZT impact pin triggers detector and fast shutter  

" ! Targets designed for quick setup/turn-around resulting in experiments 
every 1-2 hours 
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Diagnostics are located in the Sector 32 Experimental Hutch:  

Die opening 

PZT Pin 

CCD 1 

CCD 2 

CCD 4 

CCD 3 

Target Chamber 

Barrel 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

B 
C 

D 

E 

A 
To Lab 
Office 
Module 

2-stage gun 

Single stage 
gas/powder guns 

Laser Shock 

X-ray beam 
(red line) 

Control Room 

LANL IMPULSE capabilities are operating at APS in multiple Sectors 
including the new Dynamic Compression Sector (DCS)  

DCS layout 
(WSU) 

IMPULSE Capabilities include: 
¥! Existing gun on new mobile, remotely operated table 
¥! Standard shock diagnostics  
¥! 4 mini-VISARs and PDV systems for DCS use 
¥! Mobile PDV system for use around the ring 
¥! Novel X-ray imaging detectors system for Òshock-moviesÓ 
¥! Explosive qualified target chamber 
¥! Small angle X-ray Scattering (SAXS) system  
¥! Explosive Vessels  
¥! New Line VISAR in place  
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DCS Lab Office Modules (LOM) were completed in October 2013 

LANL office 
WSU Research Faculty 

Detector/Diagnostic 
Scientist 

Conference Room 
w/ VTC 

APS Engineering 
office 

Laboratory space 
(target fab, chemistry, electronics, etc.) 
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Initiator Type 

Slide 21 

Plastic Header 

Wire 

Post 

Static Image 

Bridge/Flyer 

Barrel 

Exploding Bridgewire (EBW) 
Exploding Foil Initiator (EFI) 
ÒslapperÓ 
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Data from Exploding Bridgewires  
(EBWs) 
 

Plastic Header 

Wire 

Post 

Static Image 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

Using PCI to examine in-situ detonator dynamics: The initiation 
mechanism in Exploding Bridgewires (EBW) is not fully understood. 

Static PCI Test Image on a mock SE-1 Detonator 

Bridge wire solder joint 

Sugar Crystals 

Experimental Configuration 
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This data suggested that Phase Contrast Imaging (PCI) 
could obtain the images we needed 
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First dynamic EBW image utilizing PCI: Could be 
observing Richtmyer-Meshkov instabilities 

EBW 3 120 ns after burst 
Camera 1 
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Target configuration to replicate SE-1/RP-1 detonator geometry 

K. Ramos, N. Sanchez et. al 
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Improved EBW geometry optimized for 
imaging 
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Divergent flow is still posing a 
challenge with PCI 

Frame 1 Frame 2 (153 ns later) 

Leading edge of 
disturbance 

Leading edge of 
disturbance 
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EBW at ÒhigherÓ density exhibits a 
slow reaction response 

Time 

Frame 6 

Frame 2 Frame 3 Frame 4 

Frame 5 

Frame 1 

Frame 7 
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Data from Exploding Foil Initiators 
(EFIs) 
ÒSlappersÓ 

Bridge/Flyer 

Barrel 
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Dynamic Imaging of Slapper Initiators Utilizing X-Ray Phase 
Contrast Imaging   

! ! Phase Contrast Imaging has allowed direct observation of slapper flight dynamics 
and plasma instabilities 

! ! Planar flight suggests previous 1-D assumption is correct. 

! ! Plasma instabilities likely due to random density perturbations. The plasma 
appears to align with the magnetic field produced from the high current.  

! ! Parylene is robust enough for flyer applications, but radiation or extreme 
temperature differences must be evaluated. 

 

Bridge wire solder joint 

This data will aid in understanding critical performance 
parameters of slapper initiators 

0.5 mm 

Typical HE 
Impact 
Distance  

Cu Plasma 
seems to 
follow the 
magnetic 
field lines  

Shot 10: 88 ns Shot 11: 92 ns Shot 9: 108 ns 

Shot 10: 214 ns 

LANL DCS/APS Detonator Working Group 
Detonator Technology, Shock & Detonation Physics, NSTech  

Shot 10: 241 ns 
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Shot 48 
90¡ rotation 

�™ 
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3D Slapper Reconstruction Video 

Slide 31 

Figure 3: 3D renderings of LTT reconstructed in-flight slappers reconstructed from 7 real views each.  These 
correspond to the middle two columns of radiography panes of Figure 8.  The slapper was traveling at 
approximately 2.5 km/sec in each of these views.  Axes surround each view to show orientation; the x, y, and z 
axes are designated with red, green, and blue, respectively. 
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Dynamic Imaging of Slapper Impacts on Inert & Energetic 
Materials Utilizing X-Ray Phase Contrast Imaging 

! ! Captured a well defined shock wave in PMMA from slapper 
initiator impacts. 

! ! Shock wave was observed in PETN. 
Ð! Broadening of shock front likely indicates prompt reaction. 

! ! Product expansion was observed in PETN impacts 

This data will aid in understanding Initiator-HE 
interactions and lend insight to initiation mechanisms 

LANL DCS/APS Detonator Working Group 
Detonator Technology, Shock & Detonation Physics, NSTech  
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60 µm Sapphire 
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Slapper impact on PMMA Slapper impact on PETN 

Shock wave HE product 
expansion after 
impact-Not 
observed in 
inert PMMA 

Impact 

No air shock 
preceding impact  

PMMA PETN 

Barrel/flight distance 

Shot 44: 153 ns later  Shot 55: 153 ns later  Shot 44  

Shot 46  

Shot 55:  
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Effects of Defects on Dynamic Behavior of Parylene C Flyers 
Utilizing X-Ray Phase Contrast Imaging 

! ! Cuts and holes in the Parylene flyer do not seem to alter flight characteristics. 

! ! Absence of influence from defects is likely due to inertial confinement. i.e. each material element 
does not feel an influence from its neighboring element due to the rapid acceleration similar to a 
shock process.  

! ! Future work will include a multitude of defects to understand the effects further. 

! ! Initial results are promising and suggests that minor defects will not alter flight characteristics and 
therefore, likely not affect reliable initiation of the HE pellet. 

This data will aid in understanding margin against 
manufacturing defects & ensure surety  

LANL DCS/APS Detonator Working Group 
Detonator Technology, Shock & Detonation Physics, NSTech  

0.5 mm 

60 µm Sapphire 
sphere  

Shot 52:153 ns later  
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Severe gouge through bridge did not alter 
flight characteristics 

Parylene flyer ripped through spheres placed on 
surface & did not affect flight dynamics 

Shot 54:153 ns later  Shot 54 Shot 52  
Gouge S

tatic  

Tear 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

Dynamic Imaging of Microclad Slappers Initiators Utilizing X-Ray 
Phase Contrast Imaging N. Sanchez, B. Jensen, M. Martinez, A. Iverson, J. Gibson, C. Owens, 
K. Ramos, A. Deriy, S. Clarke, M. Teel, K. Carlson et al.  

! ! 203 micron radiused bridges with 25 microns of Kapton.  

! ! Data suggests that kapton ÒbubblesÓ & impacts the high explosive pellet instead 
of tearing. This defines the region undergoing impulsive loading and answers the 
long standing question whether the kapton bubbles or tears prior to impact.  

! ! Multiple experiments showed consistent behavior of large percentage elongations 
prior to tearing. This causes thinning of the flyer by ~40% leading to a 16 micron 
flyer upon impact.  

 

LANL DCS/APS Detonator Working Group 
Detonator Technology, Shock & Detonation Physics, NSTech  
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0.5 mm 

Typical HE 
Impact 
Distance  

Shot 4 Shot 8 Shot 8 Shot 4 
Flyer Flyer Large 

elongations 
prior to tearing 

This data will aid in understanding Initiator-HE interactions and 
lend insight to slapper formation & flight dynamics 

Plasma 
instabilities 
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Shocked Explosive  
Detonates 

High-Power Laser 
Ablates Titanium 

Direct laser initiation (laser EBW)  
Detonator 
Header 
  

Explosive 

 

Low density IP  Higher density 
output pellet 

Ti Coated  
Fused Silica Window 

Optical fiber 
(unique signal) 

Shocked Explosive  
Detonates 

 

Exploding bridge wire (EBW) 
Plastic header  

Explosive 

Low density IP 
 
 

Higher density 
output pellet 

Electrical high-power  
explodes bridgewire 

Bridgewire 

A. Akinci, et al, SPIE Optical 
Technologies for Arming, Safing, 
Fuzing, and Firing 5871, 1 (2005)  
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MARIE 
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It is also named after Marie Curie, the only person to 
win two Nobel Prizes in different technical disciplines. 
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Job postings at LANL  

! ! https://www.linkedin.com/company/los-alamos-
national-laboratory 

 

! ! Contact info: 

Ð!Nate Sanchez 
Ð!nsanchez@lanl.gov 
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